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CHAPTER I 
INTRODUCTION
The cardiorespiratory effects of exercise tra in ing  in adults 
have been widely researched (26 ,39 ,53 ,56 ,57). Through tra in in g , the 
adult experiences an increase in maximum aerobic power (VO2  max), a 
decrease in resting and submaximum heart rate and an increase in maximum 
cardiac output (26 ,36 ,53 ,54 ,59 ,60). These physiological changes resu lt  
in an increase in physical working capacity and an enhanced tolerance to 
a l l  exercise workloads.
Factors contributing to the tra in ing  e ffe c t in the adult 
include the in ten s ity , the duration, and the frequency of exercise (1 ,
2 ) . The recommended type of exercise involves a c t iv i t ie s  which use 
large muscle groups of the body in a rhythmic and continuous nature.
The recommended exercise prescription includes an in tensity  of 60-90% of 
the maximum heart or 50-85% of the VO2  max, a duration of 15-60 minutes 
and a frequency of 3 to 5 days per week. An ind iv idua l's  in i t i a l  level 
of fitness is an important consideration in evaluating the effects of 
tra in ing . Large changes in VO2  max are usually associated with low 
in i t i a l  levels (1 , 2 ) .  Generally, there is a d irec t positive re lation  
between the exercise stimuli and the tra in ing  e f fe c t .  That is ,  the 
greater the to ta l combination of in te n s ity , duration and frequency, the 
greater the tra in ing  e f fe c t .
These factors and guidelines were developed from exercise 
tra in ing studies involving adults. L i t t l e  information is available  
concerning the cardiorespiratory responses of children to exercise
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tra in ing . Some investigators believe that young children already have a 
reasonably high level of aerobic fitness due to th e ir  high level of play 
a c t iv i ty  (45 ,61 ,63 ). Thus, l i t t l e  improvement could be expected in V0? 
max values as a resu lt of exercise tra in ing  (45 ,61). However, others 
have found some changes in V m a x  as a resu lt of exercise tra in ing  
(9 ,23 ,24 ,25 ,27 ,28 ,45 ,66 ). Moreover, other researchers have heart rate  
data indicating that young children spend l i t t l e  time in high in tensity  
play (33). The conflic ting  results in children studies may be due to 
the lack of control of exercise in tensity  (45 ,47 ). Many of the studies 
had poorly standardized procedures u t i l iz in g  play and games as the mode 
of tra in ing with no mention of the in tensity  of the partic ipation  (7 ,9 ,  
13,19).
There is a need to compare children and adult responses to 
identical tra in ing programs. Guidelines established for the adult and 
often u t i l iz e d  in children 's programs may not apply to the young. This 
is an important concept fo r  preventive medicine programs involving both 
children and adults (55).
PURPOSE
I t  was the purpose of th is  study to compare the following  
cardiorespiratory responses responses of prepubescent boys and adult men 
to s im ilar 10 week exercise tra in ing  programs: 1. V0£ max. 2. Heart
rate (HR) versus V0£ responses to incremental treadmill exercise. 
Additionally , the e ffects  of low (40% VO2  max) and high (70% VO2  max) 
in tensity  exercise on these cardiorespiratory fitness variables were 
determined.
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REVIEW OF LITERATURE 
In this review of l i t e r a tu r e ,  the cardiorespiratory effects of 
exercise tra in ing are summarized using three main sections:
1) Adult studies
2) Children studies
a) cross sectional studies
b) longitudinal studies
3) Comparative studies of children and adults
Although the cardiorespiratory system involves both oxygen delivery  
(blood flow, cardiac output) and oxygen u t i l iz a t io n  ( VO2 ) only some of 
the measures are examined in the present review. S p e c if ic a lly ,  the 
cardiorespiratory variables of major concern are the oxygen consumption 
(VO^) and heart rate (HR). Conditions discussed w il l  include re s t ,  
submaximum and maximum exercise.
Adult Studies:
There are several excellent reviews on the effects  of exercise 
tra in ing  in the adult (3 ,4 ,2 6 ,3 6 ,3 9 ,4 9 ,5 3 ,5 4 ,5 6 ,5 7 ).  Cardiorespiratory  
responses to exercise tra in ing  include an increase in aerobic power 
(VO2 ) and a decrease in resting and submaximum heart rate (3 ,26 ,36 ,40 ,49 ,53 ).
The reported increases in ^ 0 ^  max resulting from systematic 
endurance tra in in g , ty p ic a lly  range from 5-25% (3 ,2 2 ,3 6 ,5 3 ).  The 
magnitude of increase in VO2  max depends upon the ind iv idua l's  in i t i a l
level together with the in te n s ity , duration and frequency of exercise 
tra in ing (1 ,2 ,5 9 ,6 0 ) .  Generally, the lower the i n i t i a l  level of VO2  
max or the higher in te n s ity , the longer the duration and the greater the 
frequency of tra in in g , the greater the tra in ing  response (59,60).
A reduction of the resting heart rate accompanies exercise 
tra in ing  in the adult. The magnitude of the decrease also depends on 
the i n i t i a l  fitness and the tra in ing  stumulus (36 ,40 ,53 ). W ell-trained  
endurance athletes ty p ic a lly  have resting heart rates 10-15 beats/minute 
lower than moderately trained ath letes. Many studies report that a 
moderate tra in ing  program decreases resting heart rates from 70-80 
beats/minute to the mid 60's (36 ,40 ,53).
Exercise tra in ing  results in a decrease in heart rate at 
submaximum workloads from 8-26 beats/minute (36 ,40 ,53 ). Moreover, an 
individual is able to perform more work at the same heart rate as before 
tra in ing  (40).
There appears to be a change in the heart rate versus VO2  
pattern during incremental exercise as a resu lt  of tra in in g . Favorable 
responses of the HR versus VO2  curves to exercise tra in ing are a de­
crease in the intercept and an increase in the slope of the l in e ,  re ­
f le c tin g  a lower HR at the same VO2 . Available data suggest that there 
appears to be individual differences in the way these changes occur.
Davies, Tuxworth and Young (22) examined the rep e a ta b il ity  of 
HR-VO2  pattern to increasing bicycle ergometer exercise in 5 male sub­
je c ts . Each subject performed an exercise tes t once every other day 
over a period of 15 days. They found changes in the HR-VO2  pattern as a 
result of the repeated exercise program. However, much individual
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v a r ia b i l i ty  was shown in the manner the pattern changed. These subjects 
changed the slope but not the intercept of the l in e . Another subject 
changed the intercept and not the slope while the la s t subject changed 
both curve characteristics. Wilmore and Haskell (68) reported changes 
in both the slope and intercept of HR-VC  ̂ pattern resulting from exer­
cise tra in ing .
Children Studies
Much less is known concerning the effects  of exercise tra in ing  
on young children. Conflicting data are reported in the l i te ra tu re .
Also, some researchers have conducted studies on a wide age range of 
children fa i l in g  to account fo r  d if fe re n t maturational levels (9 ,13 ,16 ,  
19,23,27). There may be differences in the response to tra in ing in 
children of d if fe re n t  m aturit ies. Some researchers have speculated that  
hormones released at puberty influence the effects  of tra in ing . Moreover, 
the populations of children studied have often favored the more active ly  
involved and a th le t ic  children (8 ,9 ,1 3 ,16 ,18 ,48 ,58 ,6 6 ).
Although VĈ  max is accepted as a major indicator of cardio­
respiratory fitness in adults (3 ,36 ,49 ,54 ,46 ,54 ,68 ) i t  has not been 
established as such in young children (45 ,63). Children are generally 
found to have in i t i a l  max values with means of various studies 
ranging from 45-68 ml/kg/min. (4 ,4 5 ,6 3 ) .  These are re la t iv e ly  high 
levels according to adult values and are a ttributed  by some to the high 
habitual a c t iv i ty  observed in young children (6 ,4 5 ,6 3 ) .  High in i t i a l  
levels of VO2  max tend to l im i t  the increases in VO2  max as a resu lt of 
tra in ing in the adult (3 ,21 ,49 ,5 9 ,6 0 ).
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A decrease in submaximum heart rate was reported in many 
studies involving children (45,63). Submaximum improvement may be 
re f le c t iv e  of improved cardiovascular f itn e s s , an individual being 
able to accomplish more work at a lower heart ra te . Perhaps submaximum 
exercise responses rather than VĈ  max changes may be the better indicator  
of cardiovascular improvement resulting from tra in ing  in children.
Few studies involving children have care fu lly  defined the 
in te n s ity , duration and frequency of tra in in g . Many of these studies 
have employed in terval tra in ing  as the method of conditioning. The 
a c t iv i ty  of children is generally interval in nature consisting of quick 
bursts of play followed by periods of rest (6 ) .  Failure by some inves­
tigators to find changes in V m a x  values as a resu lt of in terval  
tra in ing  could be due to the close resemblance of the tra in ing  to daily  
routine, making i t  an inadequate in tensity  and duration to serve as a 
stimulus for conditioning (7 ,50 ,66 ) .
However, some researchers have heart rate data indicating that  
young children actua lly  spend l i t t l e  time in high in tens ity  play (3 ).
For example, Gilliam et al (1981) u t i l iz e d  hoi te r  monitors to determine 
HR over a 12 hour period (8 a.m. to 8 p.m.) in the summer, thus avoiding 
the restrictiveness of school a c t iv i t ie s .  They reported heart rates 
greater than 160 beats/minute fo r  only 20.9 and 9.4 minutes fo r boys and 
g i r ls ,  respectively. These values may be even less during school days 
which constitutes nine months of the year. A HR of 160 beats/minute in 
children re flec ts  an in tens ity  of about 60% of the HR reserve{(max HR- 
rest HR) x .60 + rest HR).} For the adult, the ACSM recommends this
7
in tensity  of exercise fo r  a minimum of 20-30 minutes fo r at least three 
days per week to promote cardiovascular f itness . In applying the adult 
recommendations to children, i t  appears that the habitual a c t iv i ty  of 
children is questionable as a threshold stimulus for cardiovascular 
tra in ing . I t  is crucial to keep in mind that adult exercise prescrip­
tion guidelines for aerobic fitness have not been validated for young 
chiIdren.
Cross Sectional Studies
Many investigators have compared the physiological responses 
to exercise of children athletes and nonathletes; and active and inactive  
children (4 ,6 ,1 6 ,1 7 ,1 8 ) .  Cross sectional studies present some l im i ta ­
tions. Differences may ex ist among the populations in genetic predispo­
sit ion  to high performance. There may be an innate a b i l i t y  of some 
subjects to obtain high values independent of tra in ing . Many cross 
sectional studies provide data of predicted VO2  max, physical work 
capacity at a heart rate of 170 (PWC 170), and motor performance tests. 
Since there may be a substantial error using such data to estimate 
physiological c a p a b il i t ie s , these studies w il l  not be reviewed.
Bailey (6) studied the a c t iv i ty  status of 150 Canadian school 
children. Physical a c t iv i ty  was measured from a questionaire administered 
to the child and parent, and to teachers annually for 8 years. Children 
were then grouped as active or inactive . Active children were found to 
have higher max values (ml/kg/min) at a l l  ages (8-15 y rs . )  than 
inactive children. No s ta t is t ic a l  analysis was conducted nor were data
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given on the v a r ia b i l i ty  of the scores. Bailey concluded that physical 
fitness expressed in VĈ  max (ml/kg/min) decreased with age, once the 
child started school.
Cunningham and Enyon (16) studied the working capacity of 
young competitive male (n=24) and female (n=19) swimmers 10-16 years of 
age. Subjects were tested on the bicycle ergometer. Although VO2  max 
increased with age in the males, in the females a decrease in re la t iv e  
VO2  (ml/kg/min) was found which was indicative of th e ir  increased body 
weight. Values reported (mean + S.E.) were 52.5 j^ l .3 0  ml/kg/min fo r  
the younger males (10-13 years old, n=10) and 56.6 j^ l .6 1  ml/kg/min fo r  
the older males (14-15 years old, n=8). Female values averaged 46.2 + 
2.74 ml/kg/min fo r the younger g ir ls  (12-13 years old, n=8) and 40.5 +_ 
.95 fo r the older g ir ls  (14-16 years old, n=5). No comparison group was 
employed.
Schmucker and Hollman (58) tested the aerobic capacity in 6-11 
year old child athletes and non-athletes. In comparing the two groups, 
the authors found no difference in VO2  max values u n til  the children  
approached puberty. At th is  time differences started appearing.
Trained children had higher values. The authors proposed that changes 
in re la t iv e  aerobic power as a resu lt of endurance tra in ing  could not be 
obtained before pubertal age.
Cunningham et al (18) measured the cardiopulmonary capacities  
of a select group of highly successfuly 10 year old hockey players 
involved in organized hockey fo r a mean of 4.4 years. No control group 
was u t i l iz e d  in th is study. The authors did, however, compare the data 
with that from other studies in the l i te ra tu r e .  The VÔ  max (ml/kg/min
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+ S.D.) averaged (+ S.D.) 56.6 ( + 7 . 7 ) .  These data were higher than 
many other reported values fo r other children of the same age.
Hamilton and Andrew (35) compared the physiological responses 
to exercise in trained prepubertal ice hockey players (n=12, mean age
12.7 years) and a group of sedentary controls (n=10, mean age = 12 .4 ).
The authors reported no difference (p < 05) in heart rate and stroke 
volume at any given level of oxygen consumption. At a workload of 
480 kpm/min, heart rate and stroke volume fo r  the control were 153 
beats/min and 79.6 m l/b t , and 156.6 bts/min and 79.3 m l/bt fo r the 
hockey players.
Mayers and Gutin (48) compared the aerobic capacity of a group 
of 8-11 year old trained male cross country runners (n=8) and a group of 
untrained 8-11 year old boys (n=8). Higher VÔ  max values were found in 
the runners (tra ined: 56.6 ml/kg/min; control: 45.6 ml/kg/min; p < .001). 
At a l l  submaximal speeds, the runners were found to have lower heart 
rates and lower V0  ̂ values than the controls. In the runners, the V0£ - 
HR slope was calculated to be .305; in the non runners the slope was 
.306. The VÔ  -HR intercept fo r the runners was calculated to be -  
12.13, fo r  the controls the in tercept was -20.34.
In a study by Krahenbuhl, e t al (4 3 ),  8 year old participants
ran in 5, 7 and 9 minute runs. Krahenbuhl c la ss if ied  the subjects as
either sk il led  (n=10) or unskilled (n=10) according to th e ir  median
times in the runs. Running speed and distance traveled during the runs
were evaluated in f ie ld  tests . Max VO2 » max HR and submax VO2  were
determined in the laboratory. No differences in VO2  max were found
between the sk illed  and unskilled runners (s k il le d  53.5 + 5 .8 0  ml/kg/min; 
unskilled 49.4 + 4 .2 0  ml/kg/min, p < .05 ). There was no difference
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in max HR between the two groups (s k il le d  194 + 11.9 beats/min; un­
sk illed  293+9.1 beats/min). No HR data at submaximal workloads was 
reported. The authors did report that the sk il led  runners operated at a 
lower percentage of th e ir  aerobic capacity at every measured submaximal 
speed.
Bell and Ribsl (8) tested the V02 max of competitive swimmers
(n=31, 17 males, 14 females, age 9-17 years o ld ) ,  who were members of a
competitive swimming club fo r no less than 2 years prio r to the in v e s t i ­
gation. VO2  max values were found to increase with age, values being 
higher in the older competitive swimmers: males: age 10, 51.7 + 6 .0 9  
ml/kg/min, (n=3); age 16, 62.0 + 1 .2 8  ml/kg/min, (n=5); females: age 10, 
45.8+ 1.89 ml/kg/min, ( n=3); age 16, 52.6 + 1.51 ml/kg/min, (n=4).
Mirwald and Bailey (50) conducted a long term comparative
study of aerobic power in active (n=14) and inactive boys ( n=11) age 7- 
17 years. VO2  max values were tested annually. The active group was 
found to have higher VO2  max values at a l l  ages prio r to puberty. 
Approximate values obtained from graphs were: prepubescent: active
1.7 1/min; inactive 1.51/min; adolescents -  active 1.9 1/min; inactive
1.7 1/ min. There were no s ig n if ican t differences in VO2  max before the 
take o f f  point of the adolescent growth spurt. S ign ificant differences  
(p < .01 were detected in VO2  max at the time of the peak adolescent 
growth. The authors concluded that d i f fe re n t  levels of a c t iv i ty  prio r  
to adolescence caused no s ig n if ican t increase in V0^ max.
In an urban/rural comparison conducted in Canada (6 1 ), the 
subjects of the Trois Rivieres study were compared with those of a 
farming community. The urban children were found to have a s l ig h t ly
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larger working capacity than the ru ra l.  Predicted aerobic power of the 
urban boys was 60.6 ml/kg/min, fo r the ru ra l,  54.9 ml/kg/min.
Children Studies (Longitudinal)
Some tra in ing  studies ( long itud ina l) involving children report 
no change in V0£ max (7 ,1 3 ,1 4 ,1 9 ,3 3 ,5 1 ).  Others have been able to 
e l i c i t  changes. A look at the tra in ing  protocol u t i l iz e d  in child  
studies reveals that many of the tra in ing  regimens were poorly defined 
especially with regard to in ten s ity  of exercise. Play, games and ad l ib  
running were often u t i l iz e d  as the tra in ing  stimulus. Thus, often i t  is 
impossible to make comparisons across study.
Cumming e t al (13) measured the oxygen uptake of 6 boys and 6 
g i r ls ,  (13-16 years of age) twice da ily  over a 6 day period at a track 
camp where intensive physical tra in ing  was being conducted. No change 
(p < .05) was found in the maximal aerobic capacity. I t  should be noted 
that 6 days is a very short tra in ing  period. There were decreases in 
the submaximum heart rates at a constant load (6 beats/min.) and maximal 
heart rates (7 beats/min). VĈ  was not measured during the submaximal 
work loads.
Ekblom (25) studied 6 boys, 11 years of age at the onset, fo r  
a 32 month period. Subjects were involved in a poorly defined tra in ing  
program. Training was made up of running and games. Results from the 
subjects were compared with a control group of 7, age 11 year old boys. 
Subjects were tested at the beginning of the study and then at 6 month 
in terva ls . VO2  Max was found to increase by 1% in both groups, thus, 
indicating no change in max, resulting from tra in in g . VO2  max for
12
the tra in ing  group changed from 53.9 + 6 . 2 ,  to 54.8 +_ 6 .9 ; the reference 
group changed from 4 9 . 9 + 3 . 7  to 50.3 + 4 . 4 .  No submaximal V0£ data was 
provided.
Daniels and Oldridge (19) evaluated the changes in oxygen 
consumption during growth and tra in in g . Fourteen boys age 10-15 years 
were followed over a 22 month period. During the 22 months, subjects 
were involved in unmonitored steady distance running. Testing of VO2  
max and submaximum VO2  was conducted semiannually. No controls were 
u t i l iz e d .  The results of the study showed an increase in VO2  max^in 
l i t e r s  per minute, but not greater than that accompanying weight changes, 
thus, no change in VO2  max re la t iv e  to body weight. Submaximal VO2  
(ml/kg/min) decreased{(p.01). 52 + 1 . 2 2  to 45.5 + .9 8 )} fo r  identical 
submaximal running speeds. No heart rate data was provided.
Cumming, et al (14) ,  investigated aerobic power during the 
course of a school year in three schools offering d if fe re n t  programs of 
physical education. The schools did not a l te r  th e ir  regular physical 
education programs. In i t i a l  levels of fitness were not reported. Two 
classes, grades 6 and 10, were chosen from each school re f le c tin g  2 age 
groups. School 1, a private school, offered a structured physical 
education program. School 2, a private school, had no structured 
physical education program but students participated in various a c t iv i t ie s  
such as snowshoeing, canoeing and farm chores. The th ird  school, a 
public school, had 90 minutes of physical education once every six days. 
VO2  max was determined on ,a l1 subjects four times between the months of 
September and May. No changes were found in the mean VO2  max values in 
any of the classes. School l ' s  data: (ml/kg/min) grade 10- pre 48.8 +_ 
4.2,  post 49.2 + 3 . 8 ;  grade 6- pre 47.4 + 4 . 0 ;  post 47.1 ±  3.5.  School
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2 1s data: (ml/kg/min) grade 10 -pre 50.8 +_4.5; post 52.2 + 3 . 6 ;  grade 6 
pre 48.3 j ^5 . 1 ;  post 47.1 + 4 . 6 .  School 3 ' s data: (ml/kg/min) grade 10- 
pre 48.3 5.6;  post 47.8 + 6 . 3 ;  grade 6 - pre 49.0 + 5 . 8 ;  post 49.8 +
5.5.  The fitness levels of the students tended to remain constant. The 
authors concluded that the stresses of the physical education classes 
available in the schools were not capable of producing an improvement in 
VÔ  max.
Brown (9) studied 12 g ir ls  8-13 years of age, before, at 6 
weeks, and a f te r  12 weeks of cross country running. A control group 
consisted of eight track g i r ls ,  age 8-13 years, not trained for endurance 
running. VO2  max (mean + SD) (ml/kg/min) increased in the cross country 
runners both at 6 weeks by 18% (47.5 + 1 . 5 ) ,  and at 12 weeks by 26%
(42.9 + 6 . 9 ) .  No changes were reported for the controls at 6 weeks, and 
no data were collected for the control at 12 weeks. Declines in maximum 
and submaximum heart rate were reported fo r both groups at 6 weeks. 
Maximum HR decreased 4.5 beats per minute in the experiemental group and
3.4 beats per minute in the control a t 6 weeks. At the end of the 
tra in ing period maximum HR's were 5.2 beats per minute lower than before 
tra in ing  in the runners. Submaximum heart rates for the 1st workload of 
the treadmill te s t were 5.9 beats per minute lower a f te r  6 weeks of 
tra in ing in the exercised group while the controls had heart rates 3.4 
beats per minute lower. A fter 12 weeks, submaximum heart rates were
7.4 beats/minute lower than the pre-season values fo r  the cross country 
runners. No submaximum VĈ  values were given fo r e ith er  group.
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Eriksson (27) trained 12 boys 11-13 years of age for 16 weeks. 
Training was composed of an hour or more of in terval running and games,
3 times a week plus a one week stay a t a camp in the mountains where 
the boys trained 3-4 hours a day at 70-80% of th e ir  VO2  max. Results 
were compared with 16 nontrained controls who were younger ( .5  years),  
shorter ( .07 m) and l ig h te r  (6.9 kg) than the trained subjects. The 
author reported increases in VĈ  max of 16% fo r the trained boys (pre 
41.80 ml/kg/min; post 48.6 ml/kg/min). Max HR was reported to be 4 
beats/min lower following tra in ing  and submaximal heart rates were found 
to be 10-15 beats/min lower in the trained boys. No values were pro­
vided for the control boys. Following tra in in g , the HR intercepts e s t i ­
mated from the graphs appeared to be lower with no change in the slopes 
indicating a lower HR at the same submaximum VO2 .
Eriksson and Sal t in  (30) trained 13 boys (mean age 11.5) .  The 
boys trained 3 times per week fo r f iv e  months. Each session of tra in ing  
consisted of 5-10 minutes of warmup 15-25 minutes of in terval runs and 
25-40 minutes of basketball or soccer. VĈ  max improved from 41.8 to
47.4 ml/kg/min (p < .01) .
Doblen and Erikson (23) worked with 12 boys 11-13 years of 
age, residents of a suburban area and presumed somewhat sedentary. None 
were involved in a regular tra in ing  program and no control group was 
u t i l iz e d .  Subjects trained 3 times per week for one hour. No standardized 
protocol was followed, however, tra in ing  was described as consisting of 
procedures known to increase maximal aerobic power. Testing of VĈ  max 
was conducted pre and post tra in ing  on the bicycle ergometer. Following 
tra in in g , the researchers found a 12-14% increase in max VO2 ( P < -01 P^e 
42.51 to 49.12 ml/kg/min).
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Bar Or and Zwiren (7) examined the effects of an increased 
number of physical educations classes on endurance in boys and g ir ls  
(n=92), 9-10 years or age. Subjects were divided into tra in ing  (n=22) 
and control (n=24) groups. Three groups tra ined , one exercising two 
times per week (n=16); one three times per week (n=14) and the th ird ,  
four times a week (n=16). Exercise sessions lasted 20-25 minutes and 
consisted of interval runs of 145 meters with 1.5 minute walks in 
between. The controls participated in regular physical education class 
a c t iv i t ie s  such as games and calisthenics 2 times per week (n=15), 3 
times per week (n=15) and 4 times per week (n=16). The program was
conducted over a nine week period with a l l  subjects being tested on a
treadmill at the beginning and end of the nine weeks. No changes (p < 
.05) were found in VÔ  max values as a resu lt of the in terval tra in ing  
or as a frequency of the tra in ing  sessions. (Boys (ml/kg/min): Pre 49.4 
+ 4 . 8 ;  Post 50.2 + 6 . 3 ;  comparison (ml/kg/min): 50.0 6.3;  post 49.3 +
6.6;  G irls  (ml/kg/min): Pre 44.2 +_ 4.6;  Post 46.1 j ^4 . 2 ,  Comparison Pre
45.0 + 5 . 5 ;  Post 43.8 + 6 . 2 ) .  There was, however, a decrease in the 
submaximum heart rates in the endurance group of boys at many of the 
workloads but not in the g ir ls  or any of the controls. S ign ificant
changes ranged from 5 beats to 13 beats/ minute. No changes resulted
from the increased frequency of the tra in ing  sessions.
Moecellin and Wasmund (51) investigated the effects  of a 
tra in ing  program on the cardiovascular and motor performance of 53 g ir ls  
and boys age 7-10 years of age. Two groups were involved in tra in ing .
No controls were u t i l iz e d .  One group trained twice weekly (n=29), th e ir  
tra in ing consisted of 1000 meter runs a t maximal speed fo r seven weeks.
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The second group (n=24) trained once weekly, 800 meter runs for six  
weeks. Pre and post tra in ing VO2  max was determined on the bicycle 
ergometer. The researchers found no change in V0£ max values as a 
resu lt of tra in ing  1-2 times per week e ith er  with a high in tens ity  a l l  
out runs or a moderate run. V0£ max values fo r the group running twice 
weekly were: g ir ls  (ml/kg/min) pre: 4 7 . 3 + 7 . 9 ;  post 48.9 + 7 . 1 ;  boys
(ml/kg/min) pre: 54.2 + 5 . 9 ;  post: 55.9 + 5 . 2 .  For the group tra in ing  
three times per week, V0£ max values were: g ir ls  (ml/kg/min) pre: 44.8 + 
5.4,  post 46.4 +_ 8.2;  boys (ml/kg/min) 51.8 +_ 4.2;  post: 52.9 +_ 5.0.
Massicotte and McNab (47) examined the re la t iv e  effects  of 
three d if fe re n t  in ten s it ies  of tra in ing  in 36 boys, age 11-13 years. 
Children were divided into 4 groups: group 1 (n=9) tra in ing  at heart
rates of 170-180 beats/minute; group 2, (n=9) 150-160 beats/min; group 
3, (n=9) 130-140 beats per minute; and, group 4 (n=9) acted as the 
control. Training was conducted on a bicycle ergometer 3 times per 
week, 12 minute sessions fo r  six weeks. The groups were equated on 
i n i t i a l  VÔ  max values but were found to d i f fe r  on other physiological 
variables: group 1 had lower in i t i a l  submaximum HR at 450 km/min than
group 3; and there was a s ig n if ican t difference between group 1 and 
group 3 for maximum work load. The results of the study indicated that 
children tra in ing  at the highest absolute in tens ity  experienced a s ig n i­
f ic an t change of 11% in VO2  max (p < .05; pre 46.7 ml/kg/min + 7 . 5  and 
post 51.8 + 6 . 0  ml/kg/min); groups 2 and 3 experienced no s ig n if ican t  
changes. Based on the results of th e ir  study, Massicotte and McNab (47) 
recommended a tra in ing  in tens ity  of higher than 170 beats or 75% of the 
difference betweeq the resting and maximum heart ra te , compared to 60%
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in the adult. These researchers found a decrease in submaximum HR at a 
workload of 450 kpm/minute in a l l  of th e ir  tra in ing  groups with no 
difference in the magnitude of the change among the groups. Submaximum 
HR decreased s ig n if ic a n tly  (p < .05) in groups 1, 2, and 3 by 16, 12 and 
16 beats/minute, respectively. The research paradigm prescribed a 
standard submaximal workload of 450 kpm/minute which was found to be a 
d if fe re n t percent of each group’s V0£ max: 56%, 62%, and 65% of V0£ max 
values fo r groups 1, 2, and 3, respectively. The absence of difference  
in the magnitude of change in submaximum HR could be in part related to 
the d if fe re n t re la t iv e  in ten s ity  of th is  part icu la r  workload.
Eriksson (28) and others trained 5 boys (11-12 years of age) 
on the bicycle ergometer at 70-85% of th e ir  V0£ max 3 times a week fo r  
an average of 29.8 minutes a session. Training was fo r 6 weeks. 
max increased by 8% (52.7 + 4 . 3  ml/kg/min to post 56.9 + 3.4 ml/kg/min).
Stewart and Gutin (63) trained boys 10-12 years of age fo r 8 
weeks. Thirteen boys attended tra in ing  sessions held four times weekly 
consisting of a lternating  in tervals of three minute paced runs or one 
minute a l l  out runs, with a one minute recovery period interspersed 
between in terva ls . The one minute a l l  out runs covered a distance of 
600 yards. Total running time of the workouts was 12 minutes and the 
average in tensity  estimated via telemetry and pa lp ita tion  of the heart 
rate 10 seconds post exercise was found to be 90% of the predicted 
maximum heart rates. A second group of 11 boys served as a control. No 
change in max was found as a resu lt of the in terval tra in in g . Pre­
tra in ing  max scores fo r the experimental group were 49.8 + .68 ml/kg/min, 
post tra in ing ; 49.5 + 1 . 7 0  ml/kg/min compared to control values of pre
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48.4 + 1.28 ml/kg/min and post 49.2 + 1.56 ml/kg/min. However, a decrease 
in submaximal heart rates were found in the tra in ing  group (pre 162 91
beats/min; post: 149 + 3 . 8 6  beats per minute), in the absence of changes 
in VO2  values following tra in ing . No submaximal heart rate changes were 
detected fo r the control group (pre 174 + 4 . 4 9 ;  post 170 + 3 . 4 6  beats 
per minute, p < .05) .
Cunningham et al (18) measured the maximal aerobic capacity of 
66 ten year old ice hockey players on the treadmill twice during th e ir  
4-5 month competitive season. Test one at mid season, tes t two at the 
end of the season. The subjects belonged to one of two types of teams 
e ith er  a competitive league (CL, n=34) or a less competitive league 
(LCL, n=32). The competitive players were selected by th e ir  coaches to 
represent potential champions, they practiced 40 times per season and 
played in 60 games. The less competitive players competed against teams 
of lesser ta le n t ,  played 20 games and practiced 20 times per year.
Their level of s k i l l  was lower than the competitive players. The authors 
found no s ig n if ican t changes in VÔ  max values from the middle of the 
season to the end in e ith e r  group. (CL mid: 58.5 7.2 ml/kg/min; post
55.6 + 7 . 0  ml/kg/min; LCL mid 54.4 + 6 . 3  ml/kg/min; post 53.3 + 6 . 1  
ml/kg/min.) The results suggest a detraining during the competitve 
season, but pre to post values were not s ig n if ic a n tly  d i f fe re n t .
Lussier and Buskirk (45) attempted to control the in tens ity  of 
tra in ing  at 75-85% of th e ir  subjects aerobic capacity. Their tra in ing  
regime consisted of 12 weeks of distance running. Exercise sessions 
were held four times per week; two days of continuous running fo r  
progressively longer periods of time 10-35 minutes. The other two days
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consisted of games and play. In tensity  was evaluated from timed laps 
and periodic v e r if ic a t io n  of heart ra te . Game days were not quantified  
fo r the in ten s ity . These researchers reported a 7% increase in V02 max 
values as a resu lt of endurance tra in ing  (55.6 ml/kg/min. + 2 . 0 7  to 59.4 
ml/kg/min + 2 . 2 8 ,  p < .05) . No changes were found in the control group 
(pre 53.1 + 1 . 3 2  ml/kg/min; post 53.9 + .8 ml/kg/min). Decreases were 
found in submaximal HR at 40% and 80% of V02 max (p < .05, 40%: Training
pre 129.3 + ‘ 1.96 beats/min.; post 119.8 + 1.85 beats/min; Control Pre 
126.2 + 2 . 9 1  beats/min.; post 126.7 + 3 . 0 0  beats/min.; 80%: Training: 
pre 187.9 +2 . 4 1  beats/min.; post 174.4 + 2 . 7 5  beats/min.; Control Pre
181.0 j^2.43 beats/min.; post 188.6 beats /m in.). I f  one calculates the 
V02 - HR slope and the intercept curve characteristics from the mean V02 
and HR values a t submaximal work loads, then the greatest differences in 
change seems to be within the intercepts (slopes: Training group pre: -  
.307; post: .366; Control pre: .330; post: .320. Intercepts: Training
pre: -17 .0 ; post: -23 .5; controls pre: -19 .8; post - 19 . 4 ) .  Both slope 
and intercept changed favorably in the experimental group (19% and 38% 
change respectively) with l i t t l e  change seen in the control.
Shephard et al (61) in the Trois Rivieres experiment followed 
children 6-12 years of age. Experimental students received 5 hours of 
physical education administrated by a physical education sp ec ia lis t in 
addition to th e ir  normal school curriculum. The f i r s t  year of the 
study, e ffo rts  were concentrated on teaching basic motor s k i l l s .  The 
next 3 years emphasized cardiorespiratory and muscular endurance, the 
las t year was used to teach a varie ty  of sports. Control subjects
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received only single 40 minute periods of physical education per week. 
Maximal oxygen uptake showed a progressive advantage towards the experi­
mental subjects, s ta t is t ic a l ly  s ig n if ican t between 8-11 years of age. 
(Experimental Values 1/min 6 y r :  .9 1/min; 7 y r :  1.0 1/min; 8
yr: 1.15 1/min; 9 yr: 1.28 1/min; 10 y r .  1,50 1/min; 11 y r:  1.6 
1/min. Control: 6 yr: .926 1/min; 7 y r: 1.02 1/min; 8 y r: 1.09
1/min; 9 yr: 1.20 1/min; 10 yr: 1.3 1/min; 11 y r :  1.5 1/min. ) .
Vaccaro and Clarke (65) studied subjects before and a f te r  a 7 
month swimming program. The tra in ing  group consisted of 15 swimmers, 2 
males, 13 females age 9-11 years. The control group consisted of a l l  
females age 9-11 (n=12). A fter tra in in g , a 15% increase was found in 
the swimmers V0£ max values (swimmers: Pre 47.3 ml/kg/min to 55.4
ml/kg/min). A 5% increase was reported fo r  the controls (46.81 ml/ 
kg/min to 49.02 ml/kg/min). The differences were s ig n if ican t at the .01 
le v e l .
Gilliam and Freedson (33) trained 11 g ir ls  and boys 7-9 years 
of age 4 days per week, 25 minutes per day, fo r  12 weeks. Training was 
aerobic in nature consisting of continuous movements of moderately high 
in tensity  for the en tire  session. In tensity  of exercise was not well 
defined, estimated exercise HR for the experimental group was 165 beats/min 
determined via telemetry fo r the control 150 beats/min. A control 
group (N=12, mean age + S.D. + 8 . 5 + 0 . 6 7  years) partic ipated in regular 
physical education class 2 days per week fo r 25 minutes. The authors 
detected no s ig n if ican t d ifference (p < .05) in peak V0  ̂ (Training group 
pre: 43.4 + 8 . 5 8  m l/kg/min., post 42.9 + 6 . 7 9  m l/kg/min., Control 40.5
+ 5 . 4 8  m l/kg/min., post 40.9 + 6 . 8 4  m l/kg /m in .).
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Yoshida et al (71) divided 57 f iv e  year old children into  
three groups. The children participated in a running program fo r  14 
months. One group (n=14 boys, 11 g i r ls )  ran 750-1500 meters, 5 days a 
week (5/week). Another group (n=ll boys,, 10 g i r ls )  ran the same distance 
one day a week (1/week). A control group (n= 5 boys, 6 g i r ls )  p a r t ic i ­
pated in school a c t iv i t ie s  consisting of low in tens ity  games (co n tro l) .  
The effects of tra in ing  were examined in submaximal and maximal running 
tests performed before, during and a f te r  the tra in ing  period. No changes 
were found in submaximal V0£ in m l/kg/min., (5/week: Pre 36.5 +
5 .6 , post 34.3 +_ 3.7; 1/week: pre 38.6 + 4 .1 ,  post 34.5 + 6 .9 ; Control: 
pre 41.6 + 5 . 0 ,  post 36.7 + 8 . 9 ) .  No changes were detected in VO2  max 
ml/kg/min in any of the groups (5/week: pre 42.1 + 5 . 2 ;  post 38.9 +
4 .3 ; 4/week: 43.5 4^4.9; post 41.6 + 6 .3 ; control: pre 41.6 + 5 .0 ;
post 42.8 ;+ 5 . 3 ) .  S ign ificant decreases (p < .05) in the submaximum 
heart rate (beats/min) were observed in the 5/week group in tes t 3 ( 
5/week: pre 190.6 + 1 2 . 3 ;  post: 177.4 +_ 9 .8 ; 1/week: 194 +. Post:
187 + 8 . 9 ;  control: 193 + 1 2 . 0  post 185 + 1 2 . 7  beats/min). S ign ificant
improvements (p < .05) were found in the 5/week over the control group 
in maximal running speed (5/week Pre: 2.72 + 0 . 2 4  m/sec; post 3.71 +
0.39 ml/sec; 1/week 2.75 + .29 m/sec; post 3.50 + .39 m/sec; Control
2.77 + 0 . 3 3  m/sec. post: 3.52 + 0 . 3 7  m/sec).
Thomson (65) evaluated the effects of a seven week summer 
wrestling camp on experienced prepubescent-wrestlers (n=13). Results 
were compared pre and post 7 weeks with a comparison group the same age 
(n=9), members of a local boys club. Covariance analysis was used to 
adjust post scores fo r differences in the i n i t i a l  scores. The in tens ity
of tra in ing was not assessed, however, i t  consisted of a 5 mile run at 
approximately 4.5 - 5 mph continuously 5 times per week, 12-15 10 yd. 
wind sprints were also run 5 times per week. No s ig n if ican t changes 
were found in the adjusted VO2  max values (wrestlers 53.8 + 1.80 ml/kg/min 
control 49.0 + 2 . 0 4  ml/kg/min). No s ig n if ican t difference was found in 
the VO2  -  HR slope or in tercept (Wrestlers: slope .40 + .11, in tercept -
28.7 + 2.19. Control: slope 140 + .013, in tercept -30.1 +_ 2.72) .
Adult and Child 
Only one study was found comparing the effects  of s im ilar  
tra in ing  programs on young adults and children (10) .  Subjects were 
untrained female g ir ls  12-13 years and untrained women 18-21 years. 
Training lasted fo r 14 weeks, sessions meeting three times per week for  
30 minutes. Training consisted of running 1.8 miles and bench stepping 
(150 steps, 18 inch bench). No attempts were made to quantify the 
in te n ity  of tra in in g . VO^ max values were determined prio r to tra in ing  
and a f te r  the fourth , sixth and fouteenth week. Increases of 17.6% and 
16.1% for the women and g i r ls ,  respective ly , were found as a resu lt of 
tra in in g . The mean pretraining VO2  max values fo r the g ir ls  was 42.7 +
6.1 and 38.1 +_ for the women. Post values were 49.6 + 3 . 7  fo r the g ir ls  
and 44.8 + 1 . 3  for the women. They concluded that increases in VO2  max 
in females 12-21 years as a resu lt  of tra in ing  were independent of age.
No data were given fo r the submaximal responses to tra in ing  in this  
p a rt icu la r  study.
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SUMMARY
Based on th is review of l i t e ra tu r e ,  the following statements 
can be made:
1. Adults experience an increase in VO2  max as a resu lt of 
tra in in g , the magnitude of which is dependent upon the 
in i t i a l  level and the in te n s ity ,  duration and frequency 
of tra in in g .
2. Adults as a resu lt  of exercise tra in ing  experience a decrease 
in resting and submaximum heart ra te .
3. For adults , there appears to be a change in the HR vs.
VO2  pattern (the slope and the in tercept) as a resu lt
of exercise tra in in g , a favorable change being an increase 
in the slope and a decrease in the in tercept. Individual 
variations in the nature of these changes have been found.
4. Discrepancies ex is t in the available l i te ra tu re  involving 
children's responses to exercise tra in in g . Most tra in ing  
studies involving children have lacked control of the exercise 
in ten s ity .
5. Children are generally found to have high i n i t i a l  VO2  max 
values. Active children having higher VO2  max values than 
inactive children and a th le t ic  children having higher VO2  max 
values than non a th le tes . Some children have been found to 
experience an increase in VO2  max following tra in in g , others 
have not. I t  appears that studies providing an adequate 
tra in ing  stimulus ( in te n s ity ,  frequency and duration) can 
e l i c i t  changes depending upon the i n i t i a l  level of fitness
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in the young ch ild . Secondly, VO2  max may not be the best 
indicator of aerobic fitness in the young ch ild .
6. Changes have been observed in the submaximal heart rates at 
the same submaximal workload as a resu lt of exercise tra in ing  
in children. There are differences in the changes ohserved 
in the VC^-HR slopes and intercepts.
7. Only one study was available comparing children and adult 
responses to identical exercise tra in ing  programs.
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CHAPTER I I  
METHODS 
Subjects
Subjects were s o lic ited  from the general Omaha area by means 
of advertisement in local papers and radio. P r io r i ty  was given to 
father/son volunteers to f a c i l i t a t e  scheduling. Each volunteer was 
asked to f i l l  out an a c t iv i ty  and health questionaire designed to assess 
medical history and a c t iv i ty  levels . Those chosen fo r tra in ing  were not 
involved in any type of regular exercise tra in ing  fo r  the past year. 
Immediately d isqualif ied  were those who were too active as described 
above, smokers due to the effects  of smoking on l ip id s  (38) and anyone 
who had a medical contraindication to exericse or primary coronary heart 
disease risk  factors as established by the American College of Sports 
Medicine (1) .
Prior to p a rt ic ip a tio n , subjects were informed of the nature 
of the study and an explanation of a l l  procedures were provided. Stan­
dard Human Subject approval, including informed w ritten  consent accor­
ding to the University of Nebraska Guidelines were followed throughout 
the study.
Th irty  four men 30-45 years of age, and th i r t y  four pre- 
pubescent boys, 5-12 years of age, were randomly selected from e l ig ib le  
volunteers. Prepubescence was determined by the absence of pubic hair  
according to Tanner (64) and confirmed by parents. Subjects were ran­
domly assigned to one of six groups: high in tens ity  adult (AH), high
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and adult men (n=24), tra in ing  at a high in tensity  (70% of VĈ  max; 
boys, n=14; men, n=14) or low in ten s ity  (40% V0^ max; boys, n=10, men, 
n=10) exercising 3 days/week fo r  11 weeks. A control group (boys, n=10; 
men, n=10) was used for comparison before and a f te r  10 weeks of tra in in g .
Body Composition
Height, weight and body composition were determined fo r  each 
subject. Subjects were instructed to wear a swimsuit for a l l  measure­
ments. Height was measured using a metal GPM antropometer. Skinfold 
thickness (SF) was measured using a Harpenden Skinfold Caliper. The 
sum of the following skinfolds (SSF) were used as the c r ite r io n  score 
of subcutaneous fa t :  tr ice p s , subscapula, abdomen, i l i a c ,  a x i l l a ,
chest and thigh.
Exercise Tests
The maximum oxygen uptake, max, is one of the fundamental 
measures of cardiovascular fitness (1 , 3 ) .  VÔ  max was used in this  
study as one c r ite r io n  of cardiovascular f itness . An incremental exer­
cise test according to the method of Bruce with modified stages 1.5 
minutes in length were performed on a Quinton Model 24-72 model motorized 
treadmill to determine aerobic power. Two exercise tests were performed 
by each subject prio r to the beginning of tra in ing . Since most of the 
subjects were not fa m il ia r  with the exercise testing procedure, th is  
allowed fo r an accommodation period and an assessment of the r e l i a b i l i t y  
of the scores. The tra in ing  groups performed an additional tes t during 
the sixth week of tra in ing  with re-evaluation of the exercise prescrip­
tion and adjustments made to assure that the subjects were tra in ing  at 
the specified in ten s ity . Following the tra in ing  period, a l l  subjects 
performed another exercise te s t .
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Prior to each treadmill te s t ,  subjects la id  down and rested 
quietly  fo r a period of 20-30 minutes. Resting 12-lead e lectrocardio­
grams (ECG) were obtained using a Quinton oscilloscope with visual 
monitoring for one test during the pre-tra in ing  testing and for the 
post-tra in ing testing . Five-lead ECGs were used fo r a l l  other tes ts .
Each subject straddled the treadmill fo r a pre-exercise heart 
rate (HR) and oxygen consumption (VC^) determination. Next, they 
started walking holding on to the side ra i ls  i n i t i a l l y  for balance.
Once steady, the subjects were asked to le t  go of the side ra i ls  and 
timing fo r the tes t began. This was positioned d ire c t ly  behind each 
subject straddling the treadmill prepared to catch or support the 
subject at the point of exhaustion.
VÔ  was determined by standard open c irc u it  spirometric 
techniques (68) .  Each subject secured his mouth on a suspended Rudolph 
respiratory valve, children: C#2600, dead space 45 m illim eters; and 
adults: A#2700,dead space 95 m illim eters . Expired a i r  was collected
via respiratory tubing into a liquot respiratory bags. Collection was 
taken the las t 30 seconds of each stage and continuously towards the end 
of the te s t.
Samples of expired a i r  were analyzed for percent C0£ and 0  ̂
using a Beckman LB2 -CO2  analyzer and an Applied Electrochemistry S-3A 
O2  analyzer calibrated from reference gases before and a f te r  each te s t.  
The volume of inspired a i r  was determined using a Parkinson Cowan CD-4 
dry gas meter.
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Heart rate was monitored continuously throughout the tread­
m ill testing. A Quinton oscilloscope was used fo r  visual monitoring. 
Recording of HR on a Quinton paper recorder was made the la s t 30 seconds 
of each stage in conjunction with gas co llec tion .
VO2  max was defined as the peak V0£ during the exercise te s t .  
C rite r ia  fo r  assessing maximum e f fo r t  included " le v e l in g -o f f" of VĈ
(49) ,  HR max near predicted levels fo r  age, respiratory exchange ra t io  
>1.0, and subjective signs of exhaustion.
Target Heart Rates
The HR-VO2  lines were plotted out and v isua lly  inspected. The 
l in ear  portion of HR-VO2  curves were f i t t e d  using regression analysis. 
Target heart rates corresponding to 40% of the VO2  max (low groups) and 
70% of the VO2  max (high groups) obtained from the lin ear  VO2  versus HR 
curves of the VO2  max te s t were prescribed fo r  each subject in the 
exercise groups.
Training
Training sessions were held 3 times per week fo r 11 weeks on 
the track in the Health, Physical Education and Recreation Building at 
the University of Nebraska at Omaha. One week was a l lo tte d  fo r  accommo­
dation. All sessions consisted of a mild warm-up and stretching exercises, 
2 in tervals of walking/jogging/and running, cool down and post-stretching  
exercises.
During accommodation, subjects began walking/jogging/running a 
mile at th e ir  own pace. Warm-up exercises, stretching exercises and 
cool down exercises were taught. Proper clothing and shoes fo r  exercise 
were discussed. The protocol of the specific tra in ing  program, along
with the determination of HR by pa lp itation were taught.
Ten weeks were a llo tte d  for specific  tra in in g . The f i r s t  
week's to ta l distance was 1.5 miles per session, followed by an increase 
to 2 miles the second and th ird  weeks, 2.5 miles the fourth and f i f t h  
weeks and 3.0 miles fo r week six and un til the completion of Ihe study. 
Distance was performed in 2 in tervals with heart rates taken within 10 
seconds of completion of the to ta l distance for every exercise session.
The in tens ity  of tra in ing  was monitored by the subject's heart ra te .
Exercise leaders were present at every session to monitor 
compliance. Trained exercise leaders frequently assessed each ind iv idua l' 
accuracy by simultaneously checking post-exercise HR. Those having 
d i f f ic u l ty  were closely watched and assisted during tra in in g . Training 
sessions were offered a number of times throughout the week in order to 
meet the needs of the partic ipants . Figures 1 and 2 provide a summary 
of the procedures and tra in ing  session protocol.
S ta t is t ic a l Analysis 
The effects of tra in ing  on cardiovascular fitness variables  
were analyzed using a 3x2 fa c to r ia l  (Group-high, low, control by Age- 
ch ild , adult) Analysis of Covariance (ANCOVA) with the pre-tra in ing  
scores as covariates. The specific  cardiovascular fitness variables  
studied included V m a x ,  the maximum indicator of cardiovascular 
f i tn e s s , and HR-VC  ̂ lines (slope, in te rc e p t) ,  the submaximum indicator  
of cardiovascular f itn es s . The level of significance was .05.
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CHAPTER I I I  
Results
The purpose of the study was to compare the cardiorespiratory  
responses of prepubescent boys and adult men to 10 weeks of specific  
exercise tra in ing . Table 1 contains the general descriptive characteris­
t ics  fo r  the boys and men. As can be seen there were only small d i f f e r ­
ences in age and height among the groups fo r the boys or fo r  the men.
The unadjusted weight and body composition data are presented 
in Table 2. The effects  of tra in ing  on body composition were determined 
a f te r  s ta t is t ic a l  adjustments fo r  the i n i t i a l  differences fo r each of 
the dependent variables. Table 1 contains the covariance-adjusted 
means. There were no s ig n if ican t differences (p > .05) in the changes 
in weight among the age and treatment groups. However, there was a 
s ig n if ican t difference in the adjusted values fo r  the SSF6 among the 
treatment groups. A Tukeys post-hoc analysis (Table 3) indicated that 
there were no differences in the changes between the low and high group 
but there were differences in changes between the low or the high and 
the control groups following tra in in g . The changes in SSF6 of the boys 
were not s ig n if ic a n t ly  d if fe re n t  from those of the men.
Aerobic fitness was assessed on the treadmill using a modified 
Bruce Protocol (1.5 minute stages). The unadjusted pre- and-post- 
tra in ing  maximal treadmill tes t variables are presented in tables 4 
(boys) and 5 (men), and figures 3 (VC> 2  max), 4 (treadm ill time) and 5 
(VEBTPS). ANCOVA was used to equate the groups fo r  p re -tra in ing  d i f f e r ­
ences. The adjusted values are presented in Table 6. A Tukeys post-hoc 
analysis revealed s ig n if ican t treatment effects were found fo r  VĈ  max
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and treadmill time. A Tukeys post-hoc analysis (Table 7) revealed 
that only the high group had a s ig n if ican t change in VO2  max over
the controls. (Adjusted mean + S.E. = 54.1 + 1 , 4 7  ml/kg/min high boys;
5 4 . 1 + 1 . 2 8  ml/kg/min high men; 50.2 +1 . 61  control boys; 50.2 + 1 . 3 0  
control men). No age or age by treatment effects were found indicating
that the boys did not d i f fe r  in th e ir  changes in th is variable when
compared to the men.
A s ig n if ican t treatment e f fe c t  was found fo r  treadmill time.
A Tukeys post-hoc analysis showed that the high group had s ig n if ican t  
differences in the way they changed over the low and control group, and 
the low group had s ig n if ican t differences in changes over the control.
After examination of the unadjusted data (table 4 boys, 5 men), one can 
state that tra in ing  resulted in an increase in treadmill time to exhaustion 
with the greatest changes occurring in the high in ten s ity  tra in ing  
group. No age or age by treatment e f fe c t  was found indicating that the 
boys and the men did not d i f fe r  in the way they changed in th is variable .
There was no s ig n if ican t treatment e f fe c t  found fo r  maximum 
heart rate among the groups fo r the boys or men. There was a s ig n if ican t  
age groups e f fe c t  (p > .05) for maximum heart rate id ieating  that there 
were differences in changes between the boys and the men. The unadjusted 
data indicate that maximum HR of the boys went up s l ig h t ly ,  whereas the 
men experienced a s lig h t decrease. There was no s ig n if ican t age group 
by treatment group e f fe c t  found fo r th is  variab le .
There were no s ig n if ican t treatment e ffects  in.changes found 
for VEBTPS (p > .05) ,  however, the treatment group values approached 
significance. There were no differences between the high and low
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in tensity  groups or between the low in tens ity  and the control group. No 
age or age by treatment group e f fe c t  was found. However, the age group 
by treatment groups values approached significance (p=.05).
There was no s ig n if ican t e f fe c t  fo r  treatment group found fo r  
R max. There was a s ig n if ican t age group e f fe c t  found for R max. The 
unadjusted data indicate that there was no overall change for R max in the 
men, but the boy's values went up s l ig h t ly .  There was no s ig n if ican t  
age group by treatment group e f fe c t  found fo r  R max.
The unadjusted resting and submaximum variables fo r cardiores­
piratory fitness are presented in Table 8 and figures 5 (boys) and 6 
(men). Covariance-adjusted data fo r  resting and submaximum variables  
are presented in Table 9. There were no s ig n if ican t treatment group, 
age group or age by treatment group effects  fo r  resting HR. There were 
no s ig n if ican t age group, treatment group or age by treatment group 
effects  found for the VC -̂HR slope. However, there was a s ig n if ican t  
age group e f fe c t  (p < .05) fo r VO2 -HR Intercept following treatment.
The unadjusted data indicate that the boy's values went up s l ig h t ly  whereas 
the men's stayed the same. There were no s ig n if ican t treatment groups 
or age group by treatment group effects  found fo r  VO -̂HR In tercept. The 
VO2 -HR patterns are presented in figure (boys) and (men), unadjusted 
values, and figures (boys) and (men) adjusted values.
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CHAPTER IV 
Discussion
The present study compared the cardiorespiratory responses of 
prepubescent boys and adult men to 10 weeks of exercise tra in ing at 40%
or 70% of th e ir  V0  ̂ max. Only one study could be found in the l i te ra tu re
comparing children and adults in exercise tra in ing  programs. Eisenman 
and Golding 924) trained prepubescent g ir ls  (n=8) and young adult women 
(n=8). Training was s im ilar  fo r  the g ir ls  and the women and consisted 
of running (1.8 miles per session) and bench stepping (150 steps 18
inchest high) 3 times per week fo r  30 minutes a session. In tensity  was
not defined. Training lasted fo r  14 weeks. A 16.1 and 17.6 percent 
increase in V0£ max was reported in the g ir ls  and women, respectively.
The authors concluded that increases in V0£ max in g ir ls  12-21 years of 
age following tra in ing  were independent of age. No studies were found 
u t i l iz in g  prepubescent boys and adult men as subjects in identical
i
tra in ing  programs.
In the present study, s ig n if ican t changes in VO2  max were 
found only fo r the high in ten s ity  groups. A dd itionally , the boys did 
not d i f f e r  from the men in th e ir  V0  ̂ max changes. For the high in ­
tensity  tra in ing  groups, the actual VO2  max (ml/kg/min) increased fo r  
the boys and for the men. The control group experienced a decrease in 
VC> 2  max values fo r  the boys and men. Therefore, one can say that an 8% 
increase (% change in high + % decrease in control) occurred fo r the 
High men and an 8.4% increase fo r  the High boys. The lower in tens ity  
(40%) was apparently an inadequate stimulus in both age groups to e l i c i t  
changes in V0^ max values. All subjects trained fo r  the same duration 
(10 weeks) and at the same frequency (3 times per week), suggesting that
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there is a threshold tra in ing  in tens ity  level fo r  max.
The American College of Sports Medicine's (2) recommended 
exercise prescription includes an in tensity  of 60-90% of the maximum 
heart rate or 50-85% of the maximum VC^, a duration of 15-60 minutes and 
a frequency of 3-5 days per week. The design of tra in ing  u t i l iz e d  in 
th is study followed the ACSM guidelines for in te n s ity ,  frequency and 
duration of tra in ing . The observation that boys showed no differences  
in changes following tra in ing  when compared to men, suggests that the 
ACSM guidelines and recommendations fo r  adult aerobic tra in ing  may be 
applicable to young children.
The maximum aerobic power changes found in the high in tensity  
groups, an 8.4% change in the boys and an 8% change fo r  the men, comparable 
to other studies in the l i t e ra tu r e .  For the adu lt, typical increases in 
VO2  max range from 5-25% depending upon the i n i t i a l  level of iftness  
(36,53) .  Conflicting results have been found for children. Some re ­
searchers have reported no change in VĈ  max following tra in ing  while 
others have reported increases ranging from 7-26% (3 ,4 5 ,6 3 ) .  Many of 
the studies available in the l i te ra tu re  involving tra in ing  in prepubescent 
boys were poorly standardized fo r  tra in ing  mode, in te n s ity ,  frequency 
and duration.
Generally, in studies reporting no changes in VO2  max values 
(7 ,13 ,14 ,19 ,33 ,51 ) l i t t l e  consideration was given to the frequency, 
in ten s ity  or duration of exercise tra in in g . Lack of complete description  
of these important components of tra in ing  makes i t  d i f f i c u l t  to make 
across study comparisons. For example, Ekblom (25) compared tra in ing
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and nontraining boys, 11 years of age at the s ta r t ,  at 6 month in tervals  
over 32 months. During the en tire  32 month period, VÔ  max increased 7% 
in both groups indicating that no differences in VĈ  max were a ttr ibuted  
to tra in in g . Daniels and Oldridge (19) trained 14 boys over a 22 month 
period. Training was described as unmonitored steady distance running 
with no mention of the in te n s ity ,  session duration or frequency of 
tra in ing . No changes were found in VÔ  max values. The subjects were 
reported to have high i n i t i a l  VÔ  max values (59.5 ml/kg/min). A number 
of other investigators have trained by manipulating the schedule of 
physical education classes. Bar Or and Zwiren (7) randomly assigned 9- 
10 year old children to a physical education classes meeting 2 , 3, or 4 
times per. week. Training consisted of e ith er  in terval running or games 
and calesthenics. Each session lasted 25 minutes. No changes were found 
in VO2  max as a resu lt of the increased frequency. Moecellin and Wasmund 
(51) trained children fo r  seven weeks in physical education classes.
Eight and 9 year olds ran 800 meters twice weekly, whereas 9-10 year old 
ran 1000 meters 2 times weekly. No control group was u t i l iz e d .  No 
s ig n if ican t changes in V0£ max were found fo r  e ith er  group.
Those researchers reporting changes in V0£ max generally  
trained th e ir  subjects 3-5 times per week at an in tens ity  greater than 
75% of th e ir  maximum HR or VO2  max (7 ,1 3 ,1 4 ,1 9 ,3 3 ,5 1 ).  Eriksson (30) 
reported increases in VO2  max of 14-16% in 12 boys ages 9-13 years of 
age. Training lasted 16 weeks and consisted of an hour or more of 
in terval and games three times per week plus a one week stay a t a 
mountain camp where the boys trained 3-4 hours a day at an in tens ity  of
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70-80% of th e ir  VO2  max. Massicotte and MacNab (47) examined the 
re la t iv e  effects of 3 d if fe re n t  in tens it ies  of tra in ing  in 36 boys age 
11-13 years. A fourth group was used as a control. Training was conducted 
3 times per week, 12 minute sessions, fo r  6 weeks on the bicycle ergometer. 
Absolute in tens ity  was determined via HR's at 170-180, 150-160, or 130- 
140 beats/minute. Children tra in ing  at the absolute in tens ity  (75% of 
the maximum HR) experienced a s ig n if ican t change in VO2  max (11%, p <
.05) .  The lower tra in ing  in ten s it ies  experienced no s ig n if ican t changes. 
Lussier and Buskirk (45) trained a group of 16 g ir ls  and boys age 8-12 
years a t 75-85% VO2  max. A control group partic ipated in games and 
play. Training sessions were conducted 4 days a week and consisted of 
alternating distance running and combined play and games. Sessions 
i n i t i a l l y  lasted 10 minutes progressing to 35 minutes. Following 12 
weeks of tra in ing  a 7% increase in VO2  max was found fo r the tra in ing  
group and no changes were found in the control.
The in i t i a l  level of fitness has important implications fo r  
changes observed following tra in ing  (59,60) .  Generally, fo r the adult 
the higher the i n i t i a l  level of fitness the smaller the increases seen 
following tra in ing . Many subjects u t i l iz e d  in child  tra in ing  studies 
have been found to have high i n i t i a l  VO2  max values. Thus, l i t t l e  or 
no; change found following tra in ing  could be a ttr ib u ted  to high i n i t i a l  
values. Many researchers have found l i t t l e  differences between the 
sedentary individual and the athelte  during early  childhood (61) .  I t  
has been suggested that children by nature of th e ir  play already have 
high i n i t i a l  levels of fitness and do not benefit from deliberate
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tra in ing  (6) .  Children's play often re flec ts  in terval tra in ing  composed 
of quick bursts of a c t iv i ty  followed by periods of rest ( 6 ) ,  and thus 
has the po ten tita l fo r  providing a tra in ing  stimulus (49) .
. Others postulate that c r i t ic a l  levels of maturity coupled with 
hormonal secretions in i t ia te d  at the time of pubescence, are necessary 
before one can see changes in VĈ  max vlaues following aerobic exercise 
tra in in g . Schmucker and Hollman (58) proposed that changes in VO2  max 
with endurance tra in ing  could not be established before 11 years of age. 
Mirwald and Baileys (50) in a 10 year study involving active and inactive  
boys showed no s ig n if ic a n t differences before the take o f f  point fo r  the 
adolescent growth spurt. However, s ig n if ican t differences were detected 
in VO2  max at the time of peak adolescent growth. Theses authors 
concluded that a c t iv i ty  p r io r  to adolesence caused no s ig n if ican t  
increase in VO2  max. Katch (41) has proposed a tr ig g er  hypothesis 
stating that prepubertal tra in ing  induced changes are no d if fe re n t than 
those that accompany normal growth. Puberty and i ts  accompanying 
hormonal change allow adaptations resulting from tra in in g .
The i n i t i a l  VO2  max values of the boys in the present study 
rank them as being highly f i t  (3 , 49) while the men could be c lass if ied  
as being of medium fitness (3, 49) .  All of the participants were 
selected from a group of volunteers as in the case of many tra in ing  
studies. C r ite r ia  fo r selection were absence of part ic ip atin g  in any 
tra in ing  program fo r  a period of one year. Although not partic ipating  
in a tra in ing  program, many of the boys were active in organized team 
sports such as soccer which could have some bearing on i n i t i a l  VO2  max 
values. Moreover the study was in i t ia te d  in the early  part of September
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when many people could have been quite active with a multitude of summer 
a c t iv i t ie s ,  having implications on the subjects in i t i a l  V m a x  avlues.
Bias may be imparted by the act of volunteering. The fac t that individuals  
are w il l in g  to commit th e ir  time and energies to such a study may be an 
indication that the individual is already apt to be more physically  
trained (3) .
There was an improvement in the time to exhaustion on the 
treadm ill in a l l  tra in ing  groups, both boys and men. The high in ten s ity  
group had s ig n if ic a n tly  greater improvements when compared to those of 
the low and control. The low group's improvement in treadmill time was 
s ig n if ic a n t ly  greater than the control but not as great as in the high. 
Absence of changes in VĈ  max (low, control) suggest that factors other 
than VC> 2  max are involved in improved performance following tra in ing  
(20) .  Proposed explanations contributing to this improvement include 
submaximum changes reducing the aerobic demands of submaximal running 
and the adaptation of skeletal muscle tissue through increased oxidative  
enzyme a c t iv i ty  occurring somewhat independently of changes in VO2  max.
These results are in agreement with those from other studies reporting  
changes in performance without changes in VO2  max fo r both children and 
adults (19,32,35,  49) .  Because a modified Bruce protocol was used (1.5 
minute stages) i t  is impossible to compare across studies fo r  th is  
performance variable .
For the adu lt, improved VĈ  max values following tra in ing  are 
interpreted as an improvement in cardiorespiratory f itn e s s . Inconsistent 
responses to tra in ing  in young children reported in the l i te ra tu re  may 
imply that VĈ  max is not the best indicator of aerobic fitness in
39
children. A decrease in submaximum HR at the same VO2  a f te r  tra in ing  
may indicate a tra in ing  e f fe c t  (21,22) .  Favorable responses in the VO2  
-HR pattern resulting from tra in ing  are an increase in slope and a 
decrease in in tercept of the lin e  re f le c tin g  a lower HR at the same VO2  
(22) .  In th is  investigation , no s ig n if ican t changes among the treatment 
groups were found in the submaximum variables studied. No s ig n if ican t  
changes were found for the VC -̂HR slope. Individual differences were 
noted in the way the VC -̂HR patterns changed fo r  the unadjusted values. 
However, changes in the adjusted values were not s ig n if ic a n t .  These 
results are in agreement with other studies available in the l i te ra tu re  
( 22 ) .
Decreases in resting heart rate have been observed following  
tra in ing  in the adult (36 ,40 ,53 ,54 ). In children, heart rate is in ­
versely related to age, i . e .  as one ages the heart rate decreases 
leveling o f f  in the teenage years (36) .  No information could be found 
regarding resting heart rate following tra in ing  in the ch ild . No 
s ig n if ican t changes in resting heart rates were observed in th is study.
In this p art icu la r  investigation , resting HR's were already low i n i t i a l l y .  
Beats/minute Boys Pre: low 80, High 85, control 80; Post: Low 80, High
80, control 82. Men Pre: Low 59, High 66, Control 61; Post: Low 60,
High, 63, Control, 62) .  1
There were no differences in the changes in body weight of the 
subjects. Therefore, the changes in cardiorespiratory variables would 
be the same when expressed with or without regard fo r body weight.
There were no differences in changes in SSF  ̂ in high and low groups but 
there were differences in the changes between the high or the low, and
the contro l.. These results are not surprising considering the subjects 
were asked not to a l te r  th e ir  d ie t and the to ta l distance run was the 
same fo r a l l  treatment groups. (49) .
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CHAPTER V 
SUMMARY
This study examined the e ffec ts  of 10 weeks of specific  
tra in ing  at 40% or 70% of VO2  max on cardiorespiratory variables in 
prepubescent boys and adult men. The tra in ing consisted of walking/ 
jogging/running three days per week. The i n i t i a l  distance was 1.5 miles 
progressing to 3 miles per session by the f i f t y  week of the program, 
remaining at th is distance for the duration of the study. The to ta l  
distance ran during the tra in ing  program was 76.5 miles. A control 
group was u t i l iz e d  fo r both boys and men. S ta t is t ic a l  treatment con­
sisted of a 3 x 2 fa c to r ia l  (Group-high, low, control by Age-child, 
adult) analysis of covariance (ANCOVA) with the p re -tra in ing  scores as 
covariates. The specific  cardiorespitratory variables considered 
included VÔ  max, the maximal indicator of cardiorespiratory fitness  
and the HR-VC  ̂ lines (slope, in tercept) as the submaximal indicator of 
cardiorespiratory f itn es s .
The results indicate that children are tra inable  at an early  
age. Moreover i t  appears that the cardiorespiratory responses resulting  
from tra in ing  in young children are s im ila r  to that in the adult. I t  
appears that a tra in ing  threshold fo r  in ten s ity  exists in the child as 
in the adult. Lastly , i t  appears th at the American College of Sports 
Medicine's guidelines fo r in te n s ity ,  duration and frequency of tra in ing  
are applicable to the young ch ild . No changes were found fo r  the sub­
maximal variables considered in the current study other than fo r  an age 
by treatment group difference fo r the inercept in the VC -̂HR patterns.
Conclusions
Based on the results of th is  study, the following conclusions 
can be drawn regarding the cardiorespiratory responses of prepubescent 
boys and adult men to 10 weeks of s im ilar  aerobic tra in ing :
1) Prepubescent boys and adult men tra in ing  at 70% of
th e ir  maximum aerobic capacity experienced an increase 
in VO2  max values. The low in tens ity  tra in ing  groups 
(40% of VO2  max) and control groups experienced no 
changes in VO2  max. The boys and men did not d i f fe r  
in th e ir  changes in VO2  max.
2. There was a s ig n if ican t improvement in the time on
the treadmill in the low and high tra in ing  groups, both 
boys and men, but no change in the control. The boys 
and men tra in ing  at both in ten s it ie s  did not d i f fe r  in 
the way they changed in th is variab le .
3. There were no changes in maximum heart rate following
ten weeks of tra in in g . There was a s ig n if ican t d ifference  
in the way the boys and men changed. There was a s lig h t  
increase in the boy's maximal heart rates whereas the men 
experienced a decrease.
4. There was no s ig n if ican t change fo r VEBTPS.
5. There was a s ig n if ican t age group difference found fo r
R max. There was no overall change fo r R max in the men 
whereas the boy's values went up s l ig h t ly .
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6. There were no s ig n if ican t treatment group effects  fo r  any
of the submaximum variables. There was a s ig n if ican t age 
group e f fe c t  fo r VO2  -HR In tercept. The unadjusted data 
indicate that the boys experienced an increase in VĈ  -  HR
Intercept whereas the men experienced no change.
7. The SSF6 changed in a l i ke  manner fo r both the high and 
low tra in ing  groups. Both treatment groups experienced
a decrease in SSF6. No changes for SSF6 were found in the 
control groups.
Practical Implications  
From the results of the th is  study, several recommendations 
fo r fu rther study can be made. Based on the current investigation , 
i t  appears that children do respond to exercise tra in ing . Compared
to men, there appears to be few differences in the way that children
respond to s im ila r  tra in ing  programs of proper in te n s ity ,  frequency and 
duration when compared to men. There appears to be a tra in ing  threshold 
fo r  children as in adults. More research is necessary to provide 
support of the present findings. Very l i t t l e  work has been done with 
children in well defined tra in ing  programs and only one study was found 
comparing children and adults (24) .
The present study indicates that the guidelines and recom­
mendations fo r  exercise tra in in g  in the adults are applicable to the 
young ch ild . Studies lending support to the appropriateness fo r  these 
guidelines fo r  children are essential in terms of preventive medicine. 
Schools have t ra d i t io n a l ly  concentrated on sk i l l  development in the
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early  years with l i t t l e  time a l lo tte d  to the development of the cardio­
respiratory system. Furthermore, i t  is frequently assumed that children  
are an active population and require l i t t l e  additional stimulation of 
the cardiorespiratory system. Awareness of the appropriate guidelines 
fo r  exercise in children and th e ir  responses wi l l  help in the develop­
ment of school curricula and the promotion of cardiovascular health.
In a c t iv i ty  is a r isk factor of coronary a rte ry  disease. I t  
is not whether part ic ip ation  in exercise early  on in childhood reduces 
the r isk of coronary artery  disease. Hopefully, however, th is type of 
a c t iv i ty  wi l l  help develop habits that wi l l  be practiced throughout the 
1i fe tim e.
As in many other studies involving ch ildren , the level of 
fitness of the children in th is  study was high. Use of those less f i t  
may provide a c learer picture of the cardiorespiratory changes a ttr ib u tab le  
to tra in in g .
A well defined tra in ing  study involving both prepubescent 
gi r l s  and boys and comparing them to adults part ic ipating  in a s im ilar  
tra in ing  is necessary to evaluate the appropriateness of ACSM guidelines 
and recommendations fo r g i r l s .  A dd itiona lly , th is  would be required in 
the development of school curricula in order for i t  to be applicable to 
the en tire  school population.
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TABLE 1 DESCRIPTIVE CHARACTERISTICS
Variable Group
Treatment Group
Low High 
(n=8) (n=12)
Mean S.D. Mean S.D.
Control
(n=10)
Mean S.D.
Age
(years)
Boys 8.5 1.96 8.0 .14 9.0 2.00
Men 36.6 3.18 36.6 4.09 36.6 4.82
Height
(cm)
Boys 133.4 13.58 120.4 10.72 134.1 9.53
Men 180.9 6.98 175.5 5.52 174.7 4.19
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Figure 3. Changes in VC^ Pre and Post training in Boys and Men.
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Figure 4. Changes in treadmill time Pre and Post Training in
Boys and Men.
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Figure 5. Changes in VEBTPS Pre and Post training in Boys and Men.
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Figure 6. Changes in submaximum Heart Rate Pre and Post training
in Boys and Men.
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Figure 9. Adjusted Values for V02~HR Patterns in Boys.
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Figure 10. Adjusted Values for V02“HR patterns for Men.
60
50
30
80 100 120 140 160 180 200 220
Heart Rate (beats/min)
Low • • i* • * * '
High —  ""
Control '■
66
REFERENCES
1. American College of Sports Medicine Position Paper on The
i
Recommended Quantity and Quality of Exercise fo r Developing 
and Maintaining Fitness in Healthy Adults. Medicine and 
Science in Sports. (3 ):  V I I ,  1978.
2. American College of Sports Medicine. Guidelines fo r Graded Exer­
cise testing and Exercise Prescrip tion, 2nd Edition. Ph ila ­
delphia, PA: Lea and Febiger, 1980.
3. Astrand, P.O. and Rodahl, K. Textbook of Physiology Physiological
Bases of Exercise. (Second Edition). New York, NY: McGraw 
H il l  Book Co., 1977.
4. Astrand, I .  Aerobic work capacity in men and women with special
reference to age. Acta Physiologica Scandanavica, 1960, 
Supplementum, 169, 49.
5. Astrand, P . -0 . ,  I .  Engstrom, B.O. Eriksson, P. Karlberg, I .
Nylander, B. Sal t in ,  and C. Thoren. G irl swimmers. Acta 
Paediatrica Scandinavica, 1963, Supplementum, 147, 1-75.
6. Bailey, D.A. Exercise, fitness and physical education for the
growing c h ild - -a  concern. Canadian Journal of Public 
Health, 1973, 64, 421-430.
7. Bar-or, 0 . ,  and L.D. Zwiren. Physiological e ffects  of increased
frequency of physical education classes and of endurance 
conditioning on 9 to 10 year old g ir ls  and boys. In: Bar-or, 
0. Pediatric Work Physiology, 1973.
67
8. B e ll ,  G.H. and P.M. R ib is l.  Maximal oxygen uptake during swimming
of young competitive swimmers 9 to 17 years of age. Research 
Quarterly, 1979, 5 0 (4 ) ,  574-582.
9. Brown, C.H., J.R. Harrower, and M.R. Deeter. The e f fe c t  of cross­
country running or pre-adolescent g i r ls .  Medicine and Science 
in Sports, 1972, 4 (1 ) ,  1-5.
10. Bruce, R.A., F. Kusumi, and D. Hosmer. Maximal oxygen intake and
nomographic assessment of functional aerobic impairment in 
cardiovascular disease. American Heart Journal. 1973, 85̂ , 
546-562.
11. Clark, D.H. and P. Vaccaro. The e f fe c t  of swimming tra in ing  on
muscular performance and body composition in children. The 
Research Quarterly of the American Association for Health, 
Physical Education, and Recreation (hereafter referred to as 
Research Q u arter ly ), 1979, 5 0 j l ) ,  9-17.
12. Cohen, J. S ta t is t ic a l  Power Analysis fo r  the Behavioral Sciences.
New York, NY: Academic Press, 1969.
13. Cumming, G.R.; Goodwin, A.; Baggley, G. & Ante!, J. 1967. Repeated
measurements of aerobic capacity during a week of intensive  
tra in ing  at a youth's track camp. Can J Physiol Pharm,
67(45): 805-811.
14. Cumming, G.R.; Goodwin, A.; Baggley G. & Ante! J. Failure of
school physical education to improve cardio respiratory  
f itn es s , Canadian Medical Association Journal, 101:69-73,
1969.
68
15. Cumming, G.R., and P.M. Cumming, Working capacity of normal
children tested on a bicycle ergometer. Canadian 
Medical Association Journal, 1963, 88: 351-355.
16. Cunningham, D.A., and R.E. Eynon. The working capacity of young
competitive swimmers, 10-16 years of age. Medicine and 
Science in Sports, 1973, 5 (4 ) ,  227-231.
17. Cunningham, D .A ., B. Macfarlane Van Waterschoot, D.H. Patterson,
M. Lafcoe, and S.P. Sangal. R e l ia b i l i ty  and reproducib ility  
of maximal oxygen uptake measurement in children. Medicine 
and Science in Sports, 1977, 9j2)» 104-108.
18. Cunninghma, D.A., P. Te lfo rd , and G.T. Swart. The cardiopulmonary
capacities of young hockey players: age 10. Medicine and 
Science in Sports, 1976, 8 (1 ) ,  23-25.
19. Daniels, J. and N. Oldridge. Changes in oxygen consumption of
young boys during growth and running tra in in g . Medicine 
and Science in Sports, 1971, 3 j4 ) ,  161-165.
20. Daniels, J .T . ;  Yarbrough, R.A.; and Foster, C. Changes in VO2
max and running performance with tra in in g . European 
Journal of Applied Physiology. 39, 249-254. (1978).
21. Davies, C.T.M. and Knibbs, A.V. The tra in ing  stimulus:
The effects  of in te n s ity ,  duration and frequency of 
e f fo r t  on maximum aerobic power output'. In t .  Z. Angew. 
Physiol. Vol. 29, pp. 299-305, 1971.
22. Davies, C .T .M ., Tuxworth, W. and Young, J. Physiological effects
of repeated exercise. C lin ica l Science V o l. 39, pp. 247-258,
1970.
/
23. Dobeln, W., and B.O. Eriksson. Physical tra in in g , growth, and
maximal oxygen uptake of boys aged 11-13 years. In:
Bar-or, 0. (E d .) ,  Pediatric Work Physiology, 1973.
24. Eisenman, P.A ., and L.A. Golding. Comparison of effects of
tra in ing  on VO2  max in g ir ls  and young women. Medicine and 
Science in Sports, 1975, 7_(2 ) ,  136-138.
25. Ekblom, B. E ffect of physical tra in ing  in adolescent boys.
Journal of Applied Physiology, 1969, 27^(3), 350-355.
26. Ekblom, B ., Astrand, P.O., S a lt in ,  B ., Sunberg, J . ,  and Wallstrom,
B. Effects of tra in ing  on c ircu latory  response to exercise. 
Journal of Applied Physiology. Vol. 24, pp. 518-528, 1968.
27. Eriksson, B.O. Physical tra in in g , oxygen supply and muscle metabolism
in 11-13 year old boys. Acta Physiologica Scandinavica,
1972, Supplementum, 384, 1-48.
28. Eriksson, B.O., P.D. Golln ick, and B. S a lt in . The e f fe c t of physical
tra in ing  on muscle enzyme a c t iv i t ie s  and f ib e r  composition 
in 11 year old boys. Acta Paediatrica Belgica, 1974, Supplement 
28, 245-252.
29. Eriksson, B.O. and Gunter, K. Effect of Physical tra in ing  on hemo­
dynamic response during submaximal and maximal exercise in 
11-13 year old boys. Acta. Physiol. Scand. 87: 27-39, 1973.
30. Eriksson, B.O. and B. S a lt in .  Muscle metabolism and anaerobic
metabolism in prepubertal boys before and a f te r  physical 
tra in in g . In: Bar-or, 0. (E d .) ,  Pediatric Work Physiology,
1973.
70
31. Faria , T.E. Cardiovascular response to exercise as influenced
by tra in ing  of various in te n s it ie s . Research Q uarterly , 
41:44-50, 1970.
32. Gadhoke, S. and N.L. Jones. The responses to exericse in boys
aged 9-15 years. C lin ical Science, 1969, 37, 789-801.
33. G ill iam , T.B. and P.S. Freedson. Effects of a 12 week school
physical fitness program on peak VO2 , body composition and 
blood lip id s  in 7 to 9 year old children. International 
. Journal of Sports Medicine, 1980, JM_(2 ) ,  73-78.
34. G ill iam , T. Freedson, P .,  Geenen, D. and Shahaaray, B. Physical
a c t iv i ty  patterns determined by heart rate monitoring in 
6-7 year old children. Medicine and Science in Sports 
and Exercise. Vol. 13, No. 1, pp. 65-67, 1981.
35. Hamilton, P.E. and Andrew, G.M. Influence of growth and a th le t ic
tra in ing  on heart and lung functions. European Journal of 
Applied Physiology. Vol. 36, pp. 27-38, 1976.
36. Holloszy, J .0 .  Biochemical adaptations to exercise: aerobic
metabolism. In: J.H. Wilmore (E d .) ,  Exercise and Sport
Sciences Reviews (Vol. 1 ) .  New York: Academic Press, 1973.
37. Howell, M .L ., and R.B.J. MacNab. The physical work capacity
of Canadian children. Ottawa: The Canadian Association
for Health, Physical Education and Recreation, 1968.
38. Heyden, S .,  Heiss, G., Managold, C., Tyro ler, H .,  Hames, C . ,
B arte l ,  A .,  and Cooper, G. The combined e f fe c t  of smoking 
and coffee drinking on LDL and HDL cholesterol. Circulation  
60, No. 1, 1979.
71
39. Kasch, F.W., P h i l l ip s ,  W.H., Carter, J .E . ,  and Boyer, J.L .
Cardiovascular changes in middle aged men during two years 
of tra in in g . Journal of Applied Physiology. Vol. 34, 
pp. 53-57, 1973.
40. Karvonen, M .J ., E. Kentala, and 0. Mustala. The effects  of
tra in ing  on heart rate : a longitudinal study. Annales Medicinae 
Experiments et Biologiae Fenniae, 1957, 35, 307-315.
41. Katch, V.L. Physical conditioning of ch ild ren . Presented at the
American Academy of Pediatr ics , New Orleans, October, 1981.
42. Kobayashi, K. e t .  a l . Aerobic power as related to body growth
and tra in ing  in Japanese boys; A longitudinal study.
J. Appl. Physiol, 44 666-672, 1978.
43. Krahenbuhl, G .S ., R.P. Pangrasi, and E.A. Chomokos. Aerobic
responses of young boys to submaximal running. Research 
Q uarterly , 1979, 50(3_, 413-421.
44. Krahenbuhl, G.S.; Pangrazi, R .P.; Burhett, L .N .; Schnieder, M.H.
& Peterson, G. Field estimation of V0£ max in children  
8 years of age. Med Sci Sports, 9:37-40, 1977.
45. Lussier, L. and E.R. Buskirk, Effects of an endurance tra in ing
reigmen on assessment of work capacity in prepubertal 
children. In P. Mi Ivy (E d .) ,  The marathon: physiological, 
medical, epidemiological, and psychological studies. (Vol.
301.) New York: The New York Academy of Sciences, 1977.
46. Massicotte, B .R ., Avon, and Corriveau, G. Comparative effec ts
of aerobic tra in ing  on men and women. Journal of Sports 
Medicine. Vol. 19, 1979.
72
47. Massicotte, D .R., and R.B.J. MacNab. Cardiorespiratory adaptations to
tra in ing  at specified in ten s it ies  in children. Medicine and 
Science in Sports, 1974, 6 j4 ) ,  242-246.
48. Mayers, N. and B. Gutin. Physiological characteristics of e l i t e
prepubertal cross-country runners. Medicine and Science in 
Sports, 1979, 1 1 (2 ) ,  172-176.
49. McArdle, W.D., F . I .  Katch, and V.L. Katch. Exercise Physiology:
Energy, N u tr it io n , and Human Performance. Philadelphia:
Lea & Febiger, 1981.
50. Mirwald, R .L .,  Bailey, D.A. Longitudinal comparison of aerobic
power in active and inactive boys age 7 .0 -17 .0  years.
Annals of Human Biology, 1981. Vol. 8. No. 5 , 405-414.
51. Moecellen R. and Wasmund, U. Investigation of the influence of a
running tra in ing  program on the cardiovascular and motor 
capacity performance in 53 boys and g ir ls  of a second 
and th ird  grade primary school c lass. In Pediatric  Work 
Physiology. 1973 Proceedings 4th International Symposium: 
279-288. Winlingate, Is ra e l .
52. Pate, R. Exercise and coronary heart disease r is k : Pediatric
implications. Washington, D.C.: AAHPERD Research Con­
sortium Symposium Papers, pp. 33-39, 1980.
53. Pollock, M .L ., T.K. Cureton, and L. Greninger. Effects of
frequency of tra in ing  on working capacity, cardiovascular 
function, and body composition of adult men. Medicine 
and Science in Sports, 1969, 1_, 70-74.
73
54. Pollock, M .L ., J.H. Wilmore, and S.M. Fox, I I I .  Health and
Fitness through Physical A c t iv i ty . New York: John 
Wiley & Sons, 1978.
55. Sady, S.P. and Berg, K. Reference Grant. H il ls id e  Elementary
Pro.iect. Nebraska Heart Association Grant Phase I and 
I I ,  1980-1982.
56. S a lt in ,  B. Physiological effects  of physical conditioning.
Medicine and Science in Sports. Vol. 1, No. 1, pp. 50-56, 
March, 1969.
57. S a lt in ,  B . , Blomguist, G., M itc h e ll ,  J .H . ,  Johnson, R .J . ,
Windenthal, K., and Chapman, C.B. Response to sub- 
maximal and maximal exercise a f te r  bedrest and tra in ing .  
Circulation 38 (Supp. 7 ):  1-78, 1968.
58. Schmucker, B . , and W. Hollman, The aerobic capacity of trained
athletes from 6 to 7 years of age on. Act A. Paediatrica  
Rplgir.a. 1974, Supplement, 28, 92-101.
59. Sharkey, B.J. In tensity  and duration of tra in ing  and the develop­
ment of cardiorespiratory endurance. Medicine and Science 
in Sports. Vol. 2, No. 4 , pp. 197-202, 1970.
60. Shephard, R.J. In te n s ity , duration, and frequency of exericse as
determinants of the response to a tra in ing  regime. In te r -  
nationale Z e its c h r i f t  Fuer Angewandte Physiologie Einsch- 
l ie s s l ic h  Arbeitsphysiologie, 1968, 2£, 272-278.
61. Shephard, R.J. Physical A c t iv ity  and Growth. Year Book
Medical Publishers, Inc. Chicago, 1982.
74
62. Stewart, K.J. and B. Gutin. The prediction of maximal oxygen
uptake before and a f te r  physical tra in ing  in children.
Journal of Human Ergology, 1975, 4 , 153-162.
63. Stewart, K.J. and B. Gutin. Effects of physical tra in in g  on
cardiorespiratory fitness in children. Research Q uarterly , 
1976, 4 7 (1 ) ,  110=120.
64. Tanner, J.M. Growth at Adolescence (2nd e d .) .  Oxford: Blackwell
Science Publishers, 1962.
65. Thompson, Wade Hoyt. The Physiological and Physical Effects of a
seven week summer wrestling camp on prepubescent wrestlers  
Master's Thesis. University of Nebraska, Omaha. May, 1982.
66. Vaccaro, P. and D.H. Clarke. Cardiorespiratory a ltera tio ns  in 9
to 11 year children following a season of competitive 
swimming. Medicine and Science in Sports, 1978, 10 (3 ) ,  
204-207.
67. Voors, A.W.; Webber, L .S .;  and Berenson, G.S.; Resting heart rate
and pressure-rate product in children in a to ta l b irac ia l  
community. The Bogalusa Heart Study. American Journal 
of Epidemiology. Vol. 116, No. 2. 1982. 276-285.
68. Wilmore, J.H. A th le tic  Training and Physical Fitness. Boston:
Allyn and Bacon, In c . ,  1977.
69. Wilmore, J.H. and Haskell, W. Use of the heart rate energy
expenditure re lationship  in the individualized prescrip­
tion of exericse. The American Journal of C lin ical  
N u tr it io n . Vol. 24, pp. 1186-1192, September, 1971.
75
70. Wilmore, J.H. and J .J .  McNamarcT. Prevalence of coronary heart
disease r isk  factors in boys 8-12 years of age. Journal 
of P ed ia tr ics , 1974, 84, 527-533.
71. Yoshida, T . ,  I .  Ishiko, and I .  Muraoka. Effect of endurance
tra in ing  on cardiorespiratory functions of 5-year-old  
children. In ternational Journal of Sports Medicine,
1980, 1 ( 2 ) ,  91-94.
